1. Introduction {#Section1}
===============

A dural arteriovenous fistula (DAVF) is an arteriovenous shunt located in the dural wall of the venous sinus or expanded layer of the dura mater [@B1]-[@B3]. Most DAVFs involve the transverse-sigmoid sinus (TSS) [@B4]-[@B6]. To prevent hemorrhage of high-grade TSS DAVFs, such as Borden type 3, or for symptom relief of low-grade TSS DAVFs, such as Borden type 1 and some Borden type 2 TSS DAVFs, endovascular treatment (EVT) is needed [@B7]-[@B9].

Currently, therapeutic strategies for DAVFs primarily include EVT, microsurgery, and stereotactic radiosurgery [@B6], [@B10], [@B11]. Microsurgery is not minimally invasive [@B12]. Although stereotactic radiosurgery achieves DAVF cure rates of between 58% and 73%, the latent period ranges from 1 to 3 years, and stereotactic radiosurgery is not usually preferred [@B6], [@B13], [@B14]. Therefore, EVT is more suitable for immediately minimizing the risk of hemorrhage [@B15].

During the past 2 decades, EVT has become the first-line treatment for TSS DAVFs. EVT includes transarterial embolization (TAE), transvenous embolization (TVE) or both [@B16]-[@B19]. Notably, the invention of large-lumen, highly compliant, inflatable occlusion balloons and the liquid embolic agent Onyx^®^ (ev3, Irvine, CA) initiated a new era in EVT for the DAVFs [@B13], [@B20]-[@B23].

Until now, a comprehensive review of EVT for TSS DAVFs has been lacking. Therefore, the current paper reviewed the available literature on the subject. "Transverse-sigmoid sinus" and "dural arteriovenous fistula" were used as search terms in the PubMed database to identify English-language publications.

2. Critical vessels in the TSS region {#Section2}
=====================================

Main meningeal vessel
---------------------

Four main meningeal arteries exist in the TSS region: the middle meningeal artery (MMA), ascending pharyngeal artery (APhA), posterior meningeal artery (PMA) and occipital artery (OA) [@B24], [@B25]. The posterior division (PD) of the MMA supplies the dura around the torcula, transverse sinus (TS) and sigmoid sinus (SS) [@B25]. The mastoid transosseous branch (MB) of the OA supplies the dura of the lateral and paramedial cerebellar fossa, including the TS and superior part of the SS [@B26]. The jugular and hypoglossal branches of the APhA supply the dura of the lower segment of the SS [@B27]. The PMA arises from the vertebral artery and supplies the dura forming the walls of TS and torcula [@B24]. The main meningeal vessels are shown in Figure [1](#F1){ref-type="fig"}.

TS and SS
---------

The TS originates at the torcular herophili and courses laterally to become the SS at the site immediately behind the petrous ridges [@B28]. The SS hooks downward along the posterior surface of the mastoid and turns forward on the occipital bone to pass through the sigmoid part of the jugular foramen and opens into the internal jugular vein [@B29]. The TS receives a number of important supratentorial veins from the temporal and occipital lobes, notably the Labbé vein, and the TS receives drainage from the infratentorial veins, the superior petrosal sinus and diploic veins [@B30]-[@B32]. In addition, the SS connects with the pericranial veins via the mastoid and condylar emissary veins [@B32]-[@B34].

3. Angioarchitecture and grade {#Section3}
==============================

A thorough understanding of the architecture and the grade/classification of DAVFs is essential for the successful treatment of TSS DAVFs [@B13], [@B35].

Feeding artery
--------------

The MMA, PMA, and meningeal branches of the APhA and OA are the main feeding arteries to TSS DAVFs [@B36]. In addition, other meningeal branches, such as the internal carotid artery (ICA) and external carotid artery (ECA), can supply the TSS dura in pathological conditions related to TSS DAVFs, such as transosseous branches of the posterior auricular artery and the superficial temporal artery (STA), the tentorial branches of the meningohypophyseal trunk (MHT), the artery of the falx cerebelli, the posterior inferior cerebellar artery (PICA) and the anterior inferior cerebellar artery (AICA) [@B1], [@B17], [@B21], [@B36]-[@B40]. These small dural branches may not be visible on angiography, but when supplying TSS DAVFs, these small branches may become hypertrophic or enlarged [@B1].

Fistula point
-------------

The fistula point of a TSS DAVF may be on the TSS while draining into the TSS; the fistula point may be single and limited, but often, the fistula point is multiple and extensive. Thus, clear identification of the diseased segment of the TSS to provide complete embolization may be difficult [@B41]. The fistula points of TSS DAVFs may be located in the vicinity of the TSS without draining into the TSS [@B4], [@B42], [@B43].

Venous drainage
---------------

TSS DAVFs can reverse the blood flow of all neighboring superficial and deep venous structures, including the TSS, superior sagittal sinus (SSS), superior petrosal sinus, basal vein of Rosenthal, the vein of Labbé, and cortical and deep medullary veins, which causes brain venous hypertension [@B41], [@B44], [@B45]. Even the venous reflux can proceed to the brainstem and medulla veins [@B46], [@B47]. Therefore, for TSS DAVFs, supratentorial, infratentorial, brainstem and spinal drainage must be evaluated [@B43], [@B47]. Under idiopathic intracranial hypertension, the cortical and intramedullary vessels can become tortuous and ectatic [@B32], [@B44]. Additionally, because the DAVFs are often associated with sinus thrombosis, the TSS can become partially thrombosed or completely occluded [@B48]-[@B50].

TSS stenosis or occlusion indicates sinus dysfunction. For instance, in the Kirsch*et al*. 2009 study with 150 TSS DAVFs, more than half of the affected sinuses were partially or completely thrombosed [@B4]. Theoretically, stenotic and thrombosed TSSs impede the venous outflow, and the DAVF itself increases overall blood volume in the affected TSS. The combination of these 2 hemodynamic disorders adversely affects venous flow and subsequently increases intracranial pressure [@B2], [@B51]. The sinovenous outflow restriction may represent a stronger risk factor associated with hemorrhage [@B44].

Shunted pouch
-------------

The shunted pouch (SP) is defined as a tubular or elliptic vascular structure that is separated from the main sinus lumen into which multiple feeding arteries converge and continue to the sinus. The SP findings include the following: (i) convergence of the feeding arteries, (ii) separation from the main lumen of the dural sinus, (iii) caliber change at the fistulous point, and (iv) contrast gradient and continuity to the main lumen of the dural sinus [@B43], [@B52], [@B53].

The SP is common in TSS DAVFs. For instance, Kiyosue*et al*. in 2013 studied 25 consecutive cases of TSS DAVFs; multiplanar reformatted images and selective angiography were reviewed with a particular focus on the SPs. These authors found that all 25 cases showed SPs, with numbers ranging from 1 to 4 pouches. SPs are important in TSS DAVF EVT; if the SP can be embolized, the DAVF can be cured [@B54].

Arterial steal phenomenon
-------------------------

In TSS DAVFs, if the DAVF is high-flow or extensive, the arterial steal phenomenon can occur [@B55]. For instance, in 2017, Kerolus*et al*. reported an illustrative case of TSS DAVF due to high flow PMA feeding. Digital subtraction angiography (DSA) of the left vertebral artery revealed a steal phenomenon presenting with a cutoff sign in which the fistula was stealing blood flow from the VA, thereby preventing sufficient blood flow to the distal segment of the VA [@B41].

Grade and classification
------------------------

### (i) Grade

In TSS DAVFs, retrograde venous drainage is commonly directed towards the deep venous system via the SS and towards the cerebral convexity via the SSS [@B2]. It is now generally accepted that the venous drainage pattern of DAVFs is the most predictive factor [@B8]. The grading systems of Borden*et al*. [@B56] and Cognard*et al*. [@B57] are the most widely used to evaluate the venous drainage and predict hemorrhage based on angiographic features with an emphasis on the presence of cortical venous reflux [@B5].

Many TSS DAVFs are high-grade. For instance, in a study by Cho*et al*. in 2013 with 38 patients, 71.1% had Borden type 2 or 3 lesions (high-grade) [@B10]. In the study by Kirsch*et al*. in 2009 with 150 TSS DAVFs, according to the Cognard classification, the venous drainage was type I in 31%, type IIa in 29%, type IIb in 20%, type III in 17%, and type IV in 3% of cases. Therefore, type IIb-IV (high-grade) accounted for 40% of cases [@B4].

### (ii) Classification

The classification system of TSS DAVFs devised by Lalwani*et al*. in 1993 is useful for determining the best treatment strategy. Depending on venous drainage patterns, the TSS DAVFs can be divided into 4 grades: Grade 1, antegrade sinus drainage without TSS stenosis or cortical venous reflux; Grade 2, antegrade and retrograde sinus drainage with proximal TSS stenosis, with or without cortical venous reflux; Grade 3, retrograde sinus drainage with proximal TSS occlusion and cortical venous reflux; and Grade 4, cortical venous reflux only [@B8], [@B49].

4. Outline of endovascular treatment {#Section4}
====================================

For high-grade TSS DAVFs, the goals of EVT are complete obliteration of the fistula, correction of the venous shunting, and reversal or occlusion of the cortical venous reflux [@B51]. The therapeutic success standard is as follows: in angiography, the DAVF has a \>95% reduction, and the cortical venous drainage is absent [@B2]. However, for low-grade TSS DAVFs, symptom relief or elimination of cortical reflux are sufficient [@B7]-[@B9].

The treatments for TSS DAVFs included TAE, TVE and a combination of both [@B58], [@B59]. Currently, TAE is extensively used, especially after the introduction of the latest embolizing material, Onyx^®^, which can be controllably delivered into the fistula [@B22], [@B60]. However, for TSS DAVFs, TVE is a more effective treatment; moreover, the combination of TAE and TVE is also useful [@B43]. For EVT of TSS DAVFs, treatment approaches can be performed by femoral artery and vein, jugular vein or a direct burr hole [@B61]-[@B64].

During the EVT, the SPs play an important role. After the microcatheter accesses the SPs, TSS DAVFs can be successfully treated with the selective embolization of the SPs by TAE or TVE. Even in cases treated by selective occlusion of the SP, the shunted blood flow can be significantly reduced [@B43], [@B53], [@B65].

The treatment of TSS DAVFs should be based on the angioarchitecture and cortical venous reflux. Therefore, it is feasible to divide the TSS DAVFs into different types according to the appropriate treatment [@B43]. The classification system of TSS DAVFs devised by Lalwani*et al*. in 1993, which consists of four grades, was the most reasonable [@B49].

Grade 1 TSS DAVFs had antegrade sinus drainage without TSS stenosis or cortical venous reflux; in this grade, TAE or combined radiation therapy is sufficient [@B49]. Grade 2 TSS DAVFs have antegrade and retrograde sinus drainage with proximal TSS stenosis, with or without cortical venous reflux; in this grade, TAE and TVE can be applied; however, occlusion of the normal cortical venous drainage system should be avoided [@B13], [@B49], [@B66].

Grade 3 TSS DAVFs have retrograde sinus drainage with proximal TSS occlusion and cortical venous reflux. Grade 3 DAVFs can be treated with TVE, and the affected sinus and retrograde cortical drainage outlet should be tightly packed with coils [@B13], [@B49]. Grade 4 TSS DAVFs have cortical venous reflux only and are the most difficult type of dural AVF to treat. In this grade, TAE and TVE can be applied for complete obliteration of the fistula [@B8], [@B49].

5. Transarterial embolization {#Section5}
=============================

The goal of TAE in TSS DAVF is the obliteration of all feeding arteries and proximal draining veins together with the preservation of the patency of the affected TSS [@B13], [@B66]. Currently, TAE with preservation of the TSS has become the preferred approach due to the development of Onyx^®^ [@B20]. TSS balloon-assisted TAE is also commonly applied [@B67].

TAE alone
---------

During TAE, the goal is for Onyx^®^ to penetrate the fistula points and proximal venous outflow to assure complete embolization; thus, it is very critical that the microcatheter be placed in the appropriate tip position [@B17], [@B68]. Theoretically, TAE alone via the most promising feeding artery may obliterate the DAVF filling in one injection. In particular, the usage of Onyx^®^ allows better control and a more accurate injection, which has increased interest in the TAE approach and has improved obliteration rates [@B13], [@B66].

However, if the TSS DAVF has multiple fistula points or is extensive and drains into the TSS, TAE alone may not be sufficient to cure the TSS DAVF [@B41]. The main reason for this phenomenon is that the feeding arteries of TSS DAVFs have extensive collateral networks, thus complicating complete closure via an arterial route [@B13], [@B66]. The second reason is that the venous drainage into the TSS prevents unlimited Onyx^®^ casting in the DVAF to avoid TSS occlusion [@B13], [@B66]. Therefore, the immediate postprocedural occlusion rate after TAE is only 30% [@B4]. In addition, even if the TSS DAVF is successfully embolized by TAE, due to the existence of DAVF inducing factors, the TSS DAVF may continue to draw feeders from other sources and may later recur and result in hemorrhage [@B17], [@B69]-[@B73].

However, if the TSS has focal occlusion or an isolated segment presenting with venous sinus irregularity in DSA suggestive of previous sinus thrombosis and partial recanalization [@B38] or if the fistula point of the TSS DAVF is located in the vicinity of the TSS without draining into the TSS, TAE alone without consideration of the TSS is very effective [@B4], [@B42].

The MMA is straight and fixed between the dura and is therefore commonly used as a means to access TSS DAVFs because the MMA allows unlimited Onyx^®^ casting [@B25]. Even if the branches of the MMA are not the main feeders, the MMA allows a long reflux and thus represents the safest route to access the TSS DAVF [@B74]. At this time, the dual-lumen balloon technique may be very useful in performing TAE [@B17], [@B21], [@B75], [@B76]; this technique is also known as the pressure cooker technique [@B77], [@B78]. However, caution should be exercised during TAE via the MMA because embolization of the petrosal branch of the MMA carries a risk of facial nerve palsy [@B79].

With the exception of MMA, other transarterial approaches, such as the OA, APhA and STA, can also be used under the assistance of a dual-lumen balloon or a Marathon microcatheter (ev3, Neurovascular) associated with a Hyperglide or HyperForm balloon (ev3 Neurovascular) [@B21], [@B67], [@B80], [@B81]. For instance, in 2016, Clarençon*et al*. treated two patients with TSS DAVFs through the OA and/or the STA with Onyx^®^ using a Scepter double-lumen balloon (Microvention, Tustin, CA, USA). The balloon allows the Onyx^®^ to penetrate the transosseous branches by creating counter-pressure with the inflated balloon [@B21].

TSS balloon-assisted TAE
------------------------

When the TSS DAVF drains into the TSS and the fistula points are multiple and extensive, it is difficult to complete embolization by TAE alone because the drainage into the TSS prevents unlimited Onyx^®^ casting [@B20], [@B41], [@B82]. At this time, a TSS balloon-assisted TAE technique with Onyx^®^ embolization may be a good choice; the remodeling balloon in the TSS allows Onyx^®^ to better infiltrate along the DAVF site but not fill the entire TSS [@B66], [@B83], [@B84]. In addition, an appropriate inflating pressure for the balloon enables the blood flow in the TSS to decrease and favor optimal Onyx^®^ penetration [@B66], [@B83].

TSS balloon-assisted TAE can be performed safely and effectively. For instance, Jittapiromsak*et al*. in 2013 treated a series of DAVFs with a low-pressure compliant balloon in TSS protection [@B66]. In this procedure, the transarterial microcatheter is navigated to the target position in a main feeder close to the fistula point where the Onyx^®^ injection is intended to start. This should be performed in the first stage; in the second stage, a venous remodeling balloon should be placed within the TSS-affected segment [@B17], [@B21].

In TSS balloon-assisted TAE, the venous access by direct jugular puncture access is superior to the transfemoral route because it provides improved support for balloon navigation [@B66]. In the technique, it is important to identify collateral venous drainage, and any balloon position with an appearance of normal venous outflow stagnation should be avoided. Moreover, temporary deflations of the balloon (normally within 3-5 min) are usually performed during the pauses of Onyx^®^ injection to allow temporary drainage of the normal venous path, especially in the dominant sinus or in cases involving normal cortical arteries [@B13], [@B21], [@B66], [@B82], [@B85].

6. Transvenous embolization {#Section6}
===========================

TVE for TSS DAVFs is currently recognized as one of the most effective treatments [@B1], [@B2]. Coil direct packing of the TSS, Onyx^®^ TVE, and balloon-assisted Onyx^®^ TVE are also commonly applied [@B13], [@B43], [@B59], [@B86].

Coiling TVE
-----------

Coiling TVE is used for curative purposes. Coil packing occlusion of the TSS via a transvenous approach is usually well tolerated and highly effective [@B32], [@B87]. Especially in cases of TSS DAVFs with TSS stenosis or occlusion, it is appropriate to perform coil packing in the affected TSS due to its dysfunctional state [@B48]. Because the occluded sinuses are permeated by small channels, it is often difficult to reach into the isolated sinus, and a stiff 0.035-inch guidewire may be useful to pass the occluded TSS. It may sometimes be feasible to access the lesion from the contralateral TSS [@B88]-[@B90]. Even the transcranial exposure of the TSS for surgically assisted direct TVE is more practical [@B62].

Coiling TVE can be accomplished with bare and fibered coils [@B4]. Onyx^®^ can sometimes be combined with this method to occlude the TSS [@B43], [@B91]. However, when the contralateral venous sinuses are hypoplastic, the TSS balloon occlusion test is required. If there is no contrast stagnation in the cortical veins, SSS and contralateral TSS, coiling TVE can be performed [@B13], [@B43], [@B48].

In coiling TVE when treating DAVF, it became apparent that dense coil packing of the entire sinus segment involved in the DAVF would result in the complete obliteration of the fistula [@B48]. If coil occlusion of the TSS cannot be performed completely, combination with TAE may be a very effective treatment method [@B92]. In addition, a delayed thrombosis of a residual DAVF can be observed after coil occlusion of TSS; therefore, it is worth waiting a few weeks after transvenous packing of the TSS [@B4], [@B13]. For the coiling packing TSS technique for DAVFs, treatment with low molecular weight heparin for three days followed by aspirin is necessary to prevent cortical vein thrombosis around the DAVF due to sacrificing the TSS [@B88].

Onyx® TVE
---------

Currently, Onyx^®^ TVE is usually performed in cases of carotid cavernous fistulas [@B93]. Occasionally, the Onyx^®^ TVE technique can also be used in brain arteriovenous malformations (AVM) [@B94]. However, Onyx^®^ TVE for AVMs is dangerous due to the fragile nature of the veins that likely predispose patients to hemorrhage [@B77], [@B95]. However, the effect of catheter adhesion is less of a concern in cases of DAVFs involving the TSS; in this setting, the dural leaves are substantially thicker than the cerebral veins, thus making Onyx^®^ TVE feasible [@B96].

Theoretically, the TSS DAVFs can be treated by Onyx^®^ TVE, which is attributed to the unique properties of Onyx^®^ that enhance distal propagation into multiple feeding arteries [@B23]. For instance, Albuquerque*et al*. in 2014 successfully treated two patients with high risk TSS DAVFs by Onyx^®^ TVE; a single Onyx^®^ infusion from the position of the drainage vein filled multiple arterial feeders and cured TSS DAVFs by retrograde embolization [@B97]. In the technique of TSS DAVF by Onyx^®^ treatment, only cases in which an SP or a large draining vein can allow a microcatheter to navigate through the draining venous pouch and into the ostium of an arterial feeder should be selected [@B43], [@B53], [@B88], [@B97].

Presumably, in TSS DAVFs that drain directly into the TSS and do not have an SP, stable transvenous to arterial catheterization would be more difficult to achieve and would raise the probability of refluxing Onyx^®^ into the normal sinus, which can require balloon-assisted Onyx^®^ TVE [@B53], [@B98].

Balloon-assisted Onyx^®^ TVE
----------------------------

Kerolus*et al*. in 2017 introduced a new Onyx^®^ tunnel technique to embolize DAVFs with TSS preservation. In this approach, after a longer and larger balloon occupies the central lumen of the TSS, a microcatheter is placed between the vessel wall of the TSS and the balloon. After the balloon is fully inflated, Onyx^®^ is injected to create a 360-degree tunnel against the TSS wall to encompass the entirety of the complex DAVF [@B41].

During the Onyx^®^ tunnel technique, it is important to protect the vein of Labbé using an additional balloon, but protecting the vein may not always be necessary because it may not be needed for normal venous drainage [@B41], [@B85]. However, the preservation of functionally dependent veins is essential to avoid venous infarction or hemorrhage. Thus, the TSS balloon occlusion test is important, and if contrast stagnation of the cortical veins, contralateral TSS and SSS are observed, the TSS must be preserved [@B88].

7. TSS reconstruction {#Section7}
=====================

Coil TVE to sacrifice the TSS is now recognized as one of the most effective treatments for TSS DAVFs. However, in the case of hypoplasia of the contralateral TSS, complete occlusion of the ipsilateral TSS may cause fatal consequences. These results come at the cost of a higher complication rate 33% [@B13]. In TSS DAVFs, mild-to-moderate TSS stenosis (a diameter less than 50% of the diameter of the normal TSS at the stenotic segment) is present in nearly one-third of cases [@B15]. In this situation, reconstructive treatment using a stent graft with or without TAE of the TSS DAVF can be an effective procedure to occlude the DAVF and preserve cerebral venous sinus drainage [@B51].

TSS reconstruction without TAE
------------------------------

TSS reconstruction is feasible to cure TSS DAVF with sinus stenosis or occlusion because the stent in TSS pushes back the organized fibrous tissue toward the sinus wall, closing the fistulae by compression of the dural SP where the arteriovenous connections lie [@B53], [@B99], [@B100]. Moreover, the reconstruction of obstruent TSS can transfer more blood from retrograde cortical and intramedullary venous drainage to the TSS [@B50], [@B88]. For instance, Murphy*et al*. in 2000 reported a DAVF with a thrombosed TSS. The DAVF flow was reduced after balloon angioplasty, and after the six overlapping stents were subsequently placed from the TS to the proximal internal jugular vein to reconstruct the sinus, postoperative DSA showed the recovery of antegrade venous drainage as well as complete eradication the TSS DAVF [@B36].

However, not all TSS DAVFs can be cured by stent TSS reconstruction alone [@B100], [@B101]. For instance, Levrier*et al*. in a 2009 study investigated 10 patients with TSS DAVFs with or without sinus thrombosis who underwent self-expanding stent placement and balloon angioplasty in a venous sinus to improve normal venous drainage in the DAVF, followed by bare stent placement. Although symptoms improved as venous drainage improved, only 40% of cases showed complete cure, as determined on follow-up angiography [@B99]. Therefore, the combination of TSS stent placement and TAE may be required [@B101], [@B102].

Combined TSS reconstruction and TAE
-----------------------------------

The combination of TSS reconstruction and TAE is sometimes useful for TSS DAVFs after balloon-expandable stent graft deployment. If the blood leaks into the TSS by repeated and high-pressure balloon inflation, the additional TAE using coils or Onyx^®^ appears to be necessary for remnant DAVF [@B101], [@B102]. For instance, Choi*et al*. in 2009 reported reconstructive TSS using a stent graft for a TSS DAVF with hypoplasia of the contralateral venous sinuses. There were no new neurological findings in the patient after balloon-expandable stent graft deployment at the TSS, and the remnant DAVF flow between the stent graft and venous sinus was treated with coil TAE [@B1].

8. Complications {#Section8}
================

The cumulative complication rate was 9% in EVT of TSS DAVFs, including technique complications and treatment-related complications, which can present as hemorrhagic or ischemic [@B4], [@B21], [@B48].

Technique complications
-----------------------

These complications are defined as any technical problem with the material used or any medical problem that occurs during the intervention, including vessel or sinus perforation, inadvertent embolization of nontarget vessels, microcatheter rupture and failure to complete the treatment [@B13], [@B17], [@B38]. Technique complications can be disastrous [@B38].

Intracranial hemorrhage
-----------------------

Intracranial hemorrhage was the worst complication in EVT of TSS DAVFs and was caused by Onyx^®^ reflux into normal cortical veins. In addition, TSS can compromise normal cerebral venous drainage and produce venous hemorrhage [@B10], [@B13], [@B103], [@B104].

Cranial nerve palsy
-------------------

TAE of TSS DAVFs with Onyx^®^ carries the risk of cranial nerve (CN) palsy, because the feeding artery of the TSS DAVF may have dangerous anastomoses with the arterial supply to the CNs, including CNs VII, IX, X, XI, and XII [@B21], [@B45], [@B59], [@B84]. The blood supply of CN VII originates from the petrosal artery of the MMA [@B105]. The blood supplies of CNs IX, X and XI originate from the jugular branches of the OA and AphA, and the blood supply of CN XII originates from the hypoglossal branches of the OA and AphA [@B24]. Therefore, TAE via these arteries may compromise the CN blood supplies and thus result in CN palsies. Among the CNs, CN VII is often involved in palsy [@B106], [@B107].

Venous hypertension and thrombosis
----------------------------------

Sacrificing the TSS might cause impaired venous drainage that results in massive intracranial venous hypertension [@B1]. In addition, after EVT, the venous drainage can become slow and lead to stasis, which can cause venous thrombosis [@B13]. Therefore, treatment with low molecular weight heparin for three days followed by aspirin is necessary [@B88].

Onyx^®^ venous propagation
--------------------------

Theoretically, aggressive Onyx TVE can produce symptomatic cardiac and pulmonary embolization, but it is rare [@B103], [@B104], [@B108]. In addition, during EVT, the inadvertent propagation of Onyx^®^ can migrate into the proximal brain vein despite balloon inflation inside the TSS [@B13].

Inner ear dysfunction
---------------------

For TSS DAVFs, occlusion of the distal SS may result in inner ear dysfunction. The causes may include the occlusion of veins of the cochlear aqueduct and vestibular aqueduct or the mechanical compression of the endolymphatic sac due to thrombosis or dense coil packing [@B109]-[@B111].

9. Prognosis {#Section9}
============

After EVT, TSS DAVFs have an acceptable prognosis [@B13], [@B17], [@B59], [@B106], [@B112]. For instance, Kirsch*et al*., in a 2009 study of 150 TSS DAVFs, reported that after EVT, the angiographic cure rate was 54%. At follow-up, 88% of patients with residual shunting after the treatment showed complete occlusion [@B4]. In the Kirsch*et al*. study, EVT included TAE alone, TVE alone and the combination of both; no TSS reconstruction was performed [@B4].

TSS reconstruction can also result in a good prognosis of TSS DAVFs. For instance, Levrier*et al*. in a 2006 study investigated 10 TSS DAVF patients who underwent self-expanding stent placement with balloon angioplasty, and all patients were cured or experienced significant clinical improvement without severe or permanent complications [@B99]. Therefore, various types of EVT can result in satisfactory outcomes.

However, for TSS DAVFs, after EVT, remnant DAVFs and recurrence are possible [@B106]. For instance, in a 2013 study by Cho*et al*., five of 38 patients (13.2%) exhibited recurrence during follow-up [@B10]. After the recurrence, repeated EVT or assisted radiotherapy was effective [@B6], [@B13], [@B14]. Therefore, follow-up imaging evaluation is important, and currently, the golden standard of follow-up imaging evaluation of TSS DAVFs remains DSA. In addition, MRA is effective and could be used to evaluate the presence or absence of retrograde venous drainage in patients with DAVFs involving the TSS after treatment [@B113]. Moreover, the combination of MRI and DSA is more useful [@B114].

10. Summary {#Section10}
===========

For high-grade TSS DAVFs such as Borden type 3, the goal of EVT is curative treatment. However, for low-grade TSS DAVFs such as Borden type 1 and some Borden type 2 TSS DAVFs, symptom relief or elimination of cortical reflux may be sufficient. Currently, EVT has become the first-line treatment for TSS DAVFs, including TAE, TVE or both. TAE alone and TSS balloon-assisted TAE are also commonly used. However, TVE for TSS DAVFs is recognized as the most effective treatment, including coil direct packing TSS, Onyx^®^ TVE, and balloon-assisted Onyx^®^ TVE, which are commonly applied. In addition, TSS reconstruction can be an effective procedure to treat TSS DAVFs. EVT is accompanied by complications, including technique- and treatment-related complications. Although complications may occur, TSS DAVFs have an acceptable prognosis after EVT.

11. Typical case {#Section11}
================

A 48-year-old man who presented with subarachnoid hemorrhage was admitted to our hospital. The DSA showed a TSS DAVF, and the feeding arteries included the petrous branch of the MMA and PMA. The venous drainage presented with cortical venous reflux. The TSS DAVF was embolized by PD of the MMA via a double-lumen balloon, which is known as the pressure cooker technique. After TAE, the TSS DAVF was cured. The typical case is shown in Figure [2](#F2){ref-type="fig"}.

![**Main meningeal vessel in TSS.** A: The red region shows the PD of the MMA; the yellow region shows the PMA; B: the green region shows the MB of the OA; the blue region shows the APhA. **Abbreviations** TSS: transverse-sigmoid sinus**;** PD of the MMA: posterior division of the middle meningeal artery; APhA: ascending pharyngeal artery; PMA: posterior meningeal artery; MB of the OA: transosseous branch of the occipital artery.](ijmsv15p1600g001){#F1}

![**Images of a typical case.** A: CTA shows the dilated veins on the left TS, suggestive of DAVF; B: DSA of the left ECA shows the TS DAVF; PD of the MMA was the main feeding artery, and cortical venous reflux was observed; C: DSA of the vertebral artery showed that the PMA was also a feeding artery; D: the TS DAVF was embolized by PD of the MMA via a double-lumen balloon, which is known as the pressure cooker technique; E-F: DSA of ECA and vertebral artery show that the TS DAVF was cured.**Abbreviations** CTA: computed tomographic angiography**;** TS: transverse sinus**;** DAVF: dural arteriovenous fistula**;** DSA: digital subtraction angiography**;** ECA: external carotid artery**;** PD of the MMA: posterior division of middle meningeal artery; PMA: posterior meningeal artery.](ijmsv15p1600g002){#F2}
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